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@ Detection ofviruses by amplification and hybridization. 

(g) The presence or absence of a nucleic acid sequence 
associated with one or more related viruses In a sample 
containing one or more nucleic acids and suspected of 
containing such sequence can be detected by amplifying the 
sequence using primers to form extension products as 
templates and detecting the amplified product if it is present. 
This may be accomplished by adding a labeled hybridization 
probe to the amplified product either free in solution or after 
Immobilization on a solid support. Preferably the virus con- 
stitutes AIDS viruses and heapdnavi ruses. 
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Description 

DETECTION OF VIRUSES BY APMPUFICATION AND HYBRIDIZATION 

The oresent invention relates to a process for detecting the presence or absence of a conserved. iden%ing 
nudeoMrsequenS of a virus. This invention also relates to a kit for such detect.on hav.ng pnmers and a 

^ ''T.'ic''Se«n7de^^^ syndrome (AlDsi is a transmissible disorder of the cellular immune system 
rasXrS~ataf^^^^^^^^^ Infections or neoplasms. In addition. AIDS is frequently compl.c^ed 
bTcera ne^us system dysJunction. The aetiologic agent(s) responsible for th s disease has been .den rf ed 
as a huma^ rSrts and designated as human T cell leukemia virus III (HTtVIll) . lymphadenopathy assoc a^ed 

W ^>us (UV or LAVAl. and AIDS-associated virus {ARV-2). Wore recently, these vruses have been c°«ect.vety 
referred to as huo^^^^ immunodeficiency virus (HIV). The isolates from the various laboratories represen 
Meal or closely related viruses by numerous criteria (i.e.. morphology, immunological cross-reaotw, t.es of 
envelSl^^^^^^^^^ proteins! nucleotide sequence, and entry Into helper T cells using ^e T4 ^tigenK 
A sSXus isolated from chimpan2ees Vndmacaques suffering from fV^'^.'^^'^'^S^f 

,5 AIDS in humans is also closely related by these same criteria. P. J. "^^f -^^Jy.flf!^,^^^^^^^^ 

One of the more intriguing observations about the viruses associated with AIDS is their resemtjianca to ine 
manure irion^rsubfemily Lentiviridae. Members of this pathogenic but non-oncogen.c viral group include 
^^sia ^ms and equSe infectious anemia virus, The similarities between the AlDS-assocated vimses and 
Tentivimses SudeTr^n morphology, immunological cross-reactivity, nucleotide sequence, brain localiza- 

^ 'Zl'!;^;.Z:SZoXZ°^s^^^^^^^ sera with antibodies ,o the A.OS-associated v^^^^^^^^^^ 
U ^Pa^ent No 4.520.1 13 to Gallo et al.) are being used in blood banks to eliminate potentially 
SeeSo WO 86/bl8M published March 27. 1986 (University of California) for retroviral polypeptides use u in 
preparing rnonocional antibodies to detect retroviruses in the HTLV family, because the simiian es o he 

« AincTasLciated viruses and lentlviruses. in general, or visna specifically, may extend to IRe ability of the 
S uSesTto eside as a DNA copy without producing significant quantities of viral particles a direc 

• rmmtlg^d S.roac^ to detect AIDS-associated viruses may prove unsuccessfu in a 3.9"' 'o^^^^^^^^^^^^ 

reSntW infected asymptomatic individuals. Because the number of virus Particles in the infected t^sues 

for AIDS was isolated fSalahuddin et aU PNAS USA, 82, 5530-4 (1985)). . . 

al -FlkitH3Mite^^1008-1012 {1985) describe this latter technique in greater detail 
^••^^Sl Undry et aU Clin. Lab. Med. (1985) 5; 3-^529 d-crj^^^^^^^^^^ 
hyBrrdSfioH-aS-arpirecIfo virus detection. WO86/01535 published March 13, ^S^^and EP 173 publis^ 
Marifi 5 1986 df^tose molecular cloning of HTLVlll and use of the clone as a probe to detect AIDS.. Further 
EP DatCTt pubncations 173.339, published March 5, 1986 discloses a genetic analysis using a DNA probe to 
d2SSoS foreign microbes. EP 185,444. published June 25. 1986. discloses a '^^^"'"^'nant Peptide 
foSisSe^difect the HTLVlll virus in cell lysates. Oncer inc. September. 1^986 it 

S^dopek radioacth/e blood test to detect the AIDS virus. U.S. Pat^"* No. 4^^^^^^^ discloses use of a 
latetedoeptide to detect the presence of an antigen in a sample, particularly hepatitis B. 
iSSSal^r^prohe to detect latent viruses such as AIDS and other viruses may allow 'dent.ficat.on 
nfiSSfifaSX^ persistently infected but are not producing virus or .nd,v.duals who are antibody 
?eSScSSS sre.S tS^^ infected cells without the need to culture the virus Increasing the 
^^SSS?S;r of the Virus by amplification will facilitate the identification of viral nucleic acid In 
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T?e pr"nvention involves a process for detecting or monitoring for the presence or absence of a 

nucKcTd sequence which Is substantially conserved among the "-'^^ .^'f ''J.Vc^^^^^^^^^^ 
nucleic acids in such virus' and which nucleic acid sequence is suspected of being contained in a sample. 

"'''^ "JSSngThfsrmple. together or separately, with an oligonucleotide primer for each strand of the 
nucleic acid sequence four different nucleoside triphosphates, and an agent for P°ly7['^^'^"- ""f 
Sridizing conditions such that for each strand of the nucleic acid sequence an P™f "^^^ 

each primer is synthesized which is complementary to each nucleic ac.d strand, ^^ere.n said pnmer(s 
are substantially complementary to each strand of the nucleic acd ^^'jy^"!;^. '^'^S '^.^'^J^J^ Z 
monitored, such that the extension product synthesized from one primer, when it is separated from its 
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--complement, can serve as a template tor synthesis of the extension product of the other primer; 

(bHreatinq the sample under denaturing conditions; ^ ^.j^ 

c eatinq the product of step (b) with oligonucleotide primers such that a pnmer extension product is 
synthesized using each of the single strands produced in step (b) as a template, resulting in amplification ^ 
of the specific nucleic acid sequence or sequences if present; and 

(d) determining if the sequence to be detected is present in the sampie. 
Preferablv the sequence is in HIV (AIDS) and hepatitis B viruses. . ^ w 

On wS to detect the product is by adding to the product of step (c) a labeled probe capable of hybridizing 
with the amplified nucleic acid sequence; and determining whether the probe has hybridized to an amplified 
sequence in ^he nucleic acid sample. .In one embodiment, this determination can be made by: 10 
(1) digesting the hybridized mixture with a restriction enzyme recognizing a site within the sequences in - 

^^laM^e^tecting whether the restriction digest contains a restrictian fragment correlated with the 
oresence of the virus sequence to be detected. ^ . , u • 

Before step (a) the nucleic acids in a patient sample may be extracted therefrom so that the sample being 15 
treated is actually a mixture of the. extracted nucleic acids. In addition, the sample being reated .n step (a) 
need not be subiected beforehand to a process wherein the virus in the sample is cultured. 

in another embodiment, the invention herein relates to a kit for detecting or moratomg for the presence or 
absence of a nucleic acid sequence which is substantially consented among the nucleic acids in a virus and 
specmc to 4 nucleic acids iJ. a virus and which nucleic acid sequence is suspected of being contained in a 2C 

sample Which --P^-- sequence to be detected, which 

primer or primers are substantially complementary to each strand of each specific nucleic acid sequence 
such that an extension product synthesized from one primer, when it is separated from its complement, 
can serve as a template for the synthesis of the extension product of the other pnmer; and z. 
(b) a labeled probe capable of hybridizing with the nucleic acid sequence. 
Preferably the kit also contains an agent for polymerization, four different nucleotides, and a means for 

'theSK'^^^^^^^^^^ ' 
it can be used to detect Infected cells without culturing the virus, a feature useful in monitoring patients treated 3 

with various therapeutic agents to resolve the infection. . ■ 
Figure 1 is a schematic representation of the entire AIDS genome, vvhich consists of the long terminal 

rejeat (LTR) noncoding regions and the gag. eol, env. Q (or sor) and F (or 3'ORF) coding regions, and 

shows from what region the primers were chosen for the examples herein. 
W 2 Is a schematic representation of ten oligonucleotides of the AIDS sequence which were ligated ^ 

together to form a 180 bp DNA fragment for a hybridization probe to be used in dot blots to detect 

""piSure sTs'Tschematic flow diagram of how two clones, M13mp10W:C7 and Ml 3mp10W.D6 which 

contain nucleotide sequence alterations, were treated to obtained a sequence identical to the AIDS virus. 

The resulting clone. M-13-GAG. contains the 180 bp insert for use as a hybndization probe in dot blots. In 

the fioure. X denotes mutation in the gene. 
The term "vi us" as used herein refers to any isolate or series of related isolates that have a sequence that is 
substantially conserved among and specific to the nucleic acids in the vio^stes). Examples of such viruses 
include HIV. hepatitis B virus, herpes viruses, hepatitis A virus, rhinovirus. papdioma virus. Epstein-Barr virus, 
ptc Preferred viruses herein are AIDS and hepatitis B. . . 

The present invention relates to a process and kit for detecting or monitoring for a nucleic acid sequence 
associated with a virus in a sample of nucleic acid(s) suspected of containing the sequence. The following 
discussion relates to the HIV and hepatitis B virus in particular, but could he applied to any virus as defined 
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Because HIV is highly variable, there is a need to find a common denominator (conserved region with a 
lenath which allows a specific primer as defined herein to initiate polymerization) among the variants of the 
virus to use for detecting a significant fraction of the viruses associated with AIDS. A significant fraction is that 
number of individuals sufficient to make the test diagnostically or commercially feasible. Currently four HIVs 
ARV HTLVlll LAV and LAVA, have been sequenced, and five human hepatitis B viruses as well as related 
viruses that infect woodchucks. ground squirrels and ducks, have been sequenced. The initial four HIVs and 
their associated variants are designated herein as 'AIDS viruses.' and the five hepatitis B viruses, and the 
hPoatitis B-related viruses that infect woodchucks, ground squirrels and ducks, are designated herein as 
■hepadnaviruses.- The sequence to be amplified also must be specie to the AIDS viruses or to 
hepadnaviruses, i.e., not react with HTLVI or HTUVIl or other non-AIDS v,nises, or not react with 

non-hepadnaviruses, respectively. ^ ^ r, j » „i 

The entire qenome of the four HIV isolates and their variants is provided by Sanchez-Pescador et al 
Sc ence 227 484-492 (1985) for ARV; Starcich et al.. Science . 538-540 (1S35) for HTLVlll; Wain-Hobson et 
irliir 40-9-17 (1985) tor LAV; and Muesing et al.. NatyreTSIS. 450^ 11985) for LAVA,There is a general 
coniiS'sTIi'that these viruses are ail variants of the same strain. They are completely conserved withm a 
species, i.e., they have no variants. 
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woodchuck virus genomes are provided in the references cited in the J^WoK paper. g 

ground squirrel hepatitis B is provided ifS'tS'sIauer^cet be detected signifies that the sequence 

''^TSmera used will be oligonucieotidel^enlth and sequence so as to P-'f/J^^^^^^^^ 
pjyl^rl^ation on a.signfflcant nu.^^^^^^ of "--eio aoi J in « 

herein refers to a molecule compnsed of ^vo placed under conditions in 

MucJ. i.=., .n .h= pr...r,o. ol ~cl~.KI. 7''° t;:?-:^ S W S^^^^ 

«?r«nt Sral aeno^^^^^ four AIDS viral genomes and the four hepatitis B genomes. 

mmmmmm 

55 (-) strand and the other is complementaty to the positive ( + ) ^''^^"f^^^;^ ""^ '^^^ ■ ,Kienow) 

eo orihe ch^n reaction will be a discrete nucleic acid duplex with termini corresponding to the ends of the 

''Thfam'SmSoTp'rocess is illustrated diagrammatically below, where double-stranded DNA containing the 
dested sSiTence (S comprised of complementary strands [S.] and (S-] is utinzed as the "ucleic ac^ 
During the first and each subsequent reaction cycle extension of each °«g°™'='^f ^^.P^^f °" 
65 Sate will produce one new ssDNA molecule product of indefinite length which terminates with only one of 
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the-nrimers These products, hereafter referred to as "long products/ wilf accumulate in a linear fashion; that 
is the amount present after any number of cycles will be proportional to the number of cycles 

The long products thus produced will act as templates for one or the other of the oI.gonucleot.de pnmers 
du ina Lbseque^^ cycles and will produce molecules of the desired sequence [S^l or [S-] These rnolecules . 
S alsoS^^ templates for one or the other of the oligonucleotide primers, further [S-1 and [S-] and 
thus a chain reaction can be sustained which will result in the accumulation of [S] at an exponential rate relative 

^° SVoTuSs formed'by oligonucleotide hybridizations other than those intended are not self-catalytic and 

thus accumulate at a linear rate. . . ^. *i » . 

The specific sequence to be amplified. [S], can be depicted diagrammatically as. 
rs^] 5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 
[S-1 3' 1 1 1 1 II 1 1 I TmYYYYYYYGGGGGGGGGG 5' 
The appropriate oligonucleotide primers would be: 
Primer 1: 3' GGGGGGGGQG 5' 

Primer 2: 5' AAAAAAAAAA 3' 

22Z22ZZZZZZ2Z22ZAAAAAAAAAAXXXXXXXXXXCCCGCCCCCCZZZZZZZZZZZZZZZZ.... 

" zzzzzzzzzzzzzzzzT 1 1 1 1 m I | YYYYYYYYYYGGGGGGGGGGz2ZZZZZ222ZZZ22„.. 

is separated into single strands and its single strands are hybridized to Primers 1 and 2. the following 
extension reactions can be catalyzed by DNA polymerase in the presence of the four deoxynbonucleoside 
triphosphates: 

g^tendsf^ GGG6GG6GGG Primer 1 



....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCGCCCCCCCzzzzzzzzzzzzzzzz. 

original template strand+ 
original template strand - 

....zzzzzzzzzzzzzzzzrrrrTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz.... 



Primer 2 



AAAAAAAAAA- 
5' 3* 



-)extends 



On denaturation of the two duplexes formed, the products 

,,,,zzzzzzzzzz2Z2ZZzTTTTTTTTTTYYYYYYYYYY6GG6GGGGGG 
newly synthesized long product 1 



are: 



5* 



3" 



....zzzzzzzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz,. 
original template strand^ 
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.zzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGGzzzzzzzzzzzzzzzz 
original template strand" 



5* 
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5' 3- 

AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzzzzzzzzz 

newly synthesized long product 2 

If these four strands are allowed to rehybridize with Primers 1 and 2 in the next cycle, the agent for 
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polymerization will catalyze the following reactions: 

Primer 2 5' AAAAAAAAAA ^ ^extends to here 

3*".'...zzzzzzz2Z222ZZZ2ZzTTTTTTTTTTYYYYYYYYYYGGGGGGGGGG 5' 
newly synthesized long product 1 ~ 

extends^^^- — GGGGGGGG6G 5* Primer 1 

S\.. .ZZ2Z2ZZZ22ZZ22AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZ22ZZZZ22Z2ZZ 3 ' 

original template strand 

Primer 2 5* AAAAAAAAAA : ^-extends 

3' . . . .zzzzzzzzzzzzzzzzzzTTTTTTTTTTYYYYYYYYYGGGGGGGGGGzzzzzzzzzz ... .5' 
original template 'strand* 

extends to here^^^ ^GGGGGGGGG 5' Primer 1 
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20 



5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCCZZ22Z2Z2ZZZZZZZZ..3' 

25 newly syntiiesized long product 2 " 

tf the strands of the above four duplexes are separated, the following strands are found: 
5' AAAAAAAAAAXXXXXXXXXXCCCCCCCCCC 3' 
newly synthesized [S+] 

3' „.JZZ22ZZZ22ZZZZZZZ2Z2 ( H II 1 1 1 II YYYYYYYYYYGGGGGGGGGG 5' 
30 first cycle synthesized long product 1 

3' ... J^zzzzzzzzzzzzzzzzzz 1 1 II 1 1 1 1 1 1 V^TATYYYYYGGGGGGGGGG 5' 
newfy synthesized long product 1 

5' ....2zzzz2Z2zzzzzzzzzzzAAAAAAAAAAXXXXXXXXXXCCCCCCCCCCzzzzzzzzz....3' 

original template strand + 
35 5' AAAAAAAAAAXXXXXXXXXXCCGCCCCCCCZZZZZZZZZ2ZZZZZZ...3' 

y..22ZZZzzzzzzzzz z Tl 1 1 1 1 i 1 1 1 mYYYYYYYGGGGGGGGGGz2Z2zzzzzzzzzzzz...y 
original template strand- 
s' H 1 1 1 1 1 1 I I mVYYYYYYGGGGGGGGGG 5' 

newly synthesized [S-1 
40 5' AAAAAAAAAAXXXXXXXXXXCGCCCCCCCCZZ2Z2ZZZZZZZZZZ...3' 

first cycle synthesized long product 2 

It is seen that each strand which tenninates with the oligonucleotide sequence of one primer and the 
complementary sequence of the other is the specific nucleic acid sequence [S] that is desired to be produced. 
The steps of this process can be repeated indefinitely, being limited only by the amount of Primers 1 and 2, 

45 inducing agent and nucleotides present. The amount of original nucleic acid remains constant in the entire 
process, because it Is not replicated. The amount of the long products increases lineariy because they are 
produced only from the original nucleic acid. The amount of the specific sequence increases exponentially. 
Thus, the specific sequence will become the predominant species. This is illustrated in the following table, 
which indicates the relative amounts of the species theoretically present after n cycles, assuming IOOO/0 

50 efficiency at each cycle. 
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Number of Double Strands 
After 0 to n Cycles 



Cycle Number 
0 

r 

2 
3 
5 

10 
15 
20 
n 



Temol ate 



• 1 
1 
1 



1 
1 
1 
1 
1 



Long 
Products 



1 

2 
3 
5 

10 
15 
20 
n 



Specif i c 
Sequence [S] 



0 
1 
4 

26 
1013 
32,752 
1,048,555 

(2"-n-l) 
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When a sinale-stranded nucleic acid is utilized as the template, only one long product is formed per cycle. 

I used he?in t^ terms "restriction endonucleases' and 'restriction enzymes" refer to bacterial enzymes 
r.f uLihirh rut double-Stranded DNA at or near a specific nucleotide sequence. 

oriisrherein marbe selected by the following criteria, which are factors to be considered, but are 
noI^xoTuSve o det mLL. First, the primers are selected from conserved regions of the vira genome In 
the case of the AIDS genome, the gag region (nucleocapsid gene) is the most conserved o the cod ng 
reoions folwed by the pol and env riiTons. and therefore, the gag region was chosen for initial studies^ In he 
SeofVhe hepatitis B g^ome.lhi entire coding region of the genome is conserved within a single species^ 
Secli he Jrime? lacks homology with any sequences of viral genomes tha ^ou f »^e expected to 
compromise the test. For example, those sequences for HTLVI. published by Seiki. M. et al.. PNAS (USA) 

Rn-'^61fl-3522 (1983), would compromise the test for AIDS. ^ u- 

-?hi d thfprimer preferably lacks secondary structure formation in the amplified ""f -^'''^whu^h 
interfere with extension by the amplification enzyme such as E, coH DNA polymerase, preferably that portion o 
the DNA SymeSe refeLd to as the Klenow fragment. This may be accomplished by employing up to abou 
S/°Sy S^prXably 5-100/o 5y weight, dimethyl sulfoxide (DMSO) in the amplification medium and/or 

increasinq the amplification temperatures to 30-400/oC, preferably 35-40 C. . . . ^. 
F™ the primer preferably has an approximate 500^ content of guanine and cyjos^ne. and does not 

contah mulTple consecutive adenine and thymine residues at the 3' end of the pnmer which may result in less 

Rnair« ?he amplified product will be detected by use of a restriction enzyme, the probe must have an 

TlTeXnStS ?riS°marbe prepared using any suitable method, such as. for example, the 
phoShoSe anjjhosj^^^^^^ methods described above, or automated embodiments thereo Jn one 
sJch automated embodiment diethylphosphoram.dites are used as starting materials and may be synthesized 
arJescribed by Beaucage et al.. Tetrahedron Letters (1981). 22:1859-1862. One me hod for synthesizing 
ongonudeoSdes on a modified soli d support is described in U.S. Patent No. 4,458,066. It is also possible to use 
a mmer which has been isolated from a biological source (such as a restnction endonuc ease digest) 

Cylurce of nucleic acid, in" purified or nonpurified form, can be utilized as the starting "uoleic acd or 
ac^s provided it contains or is suspected of containing the specific nucleic acid sequence associated w th 
the virus?o be detected. Thus, the process may employ, for example. DNA or RNA inducing messenger RNA^ 
which DNA or RNA may be single stranded or double stranded. In the event that RNA is to he used as a 
TerSa^e enzymes and/or condiHons optimal for reverse transcribing the template to DNA would be utilized, in 
addSon a DNA-RNA hybrid which contains one strand of each may be utilized. A mixture of any of these 
nuc e°c kcids may also be employed, or the nucleic acids produced from a previous amphfica ion ,eachon 
herein using the same of different primers may be so utilized. The specific nucleic acid sequence to be 
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acid molecules. nvflmnlp natural DNA or RNA from higher 

The nucleic acid(s) may be obtained f^'^'" ^°"^=^^^°'/''£3,S^^^^ 

^^^^^^^^^ 

amount of a reagent ell.cti»e to open the "a.,. ,„mis1 TWs Ivsino and nuolelo acid 

aampte. and to expose and/or a.parato tne J'^XaicSr^ o^^ mvil. more readily. In 

ssiotrrvS^sreidttreS^tr^::^^^ 

sample to be amplified. ^ kw r^roc«nt nmrpss It is on!v necessary that a 

An'y =Pe-fi= "-f -''^ "ds oMhtTet'^^^^^^^ bTrnlnT /Jilent detail so that two 
sufficient number of bases at both ends of ^^J^^^?^^^^ 

oligonucleotide primers can be prepared ^Jich J hyb"^^^^^^^^ »t ^t^^n^s of t q^^^ ^^^^ 

at relative positions along the sequence such that an P™°"^^^^ j^e other primer into a 

is separated from its template (complement), can ^^.^^^J/^^^^J bIsLs a\^^^^^^^^ sequence, the 

nucleic acid of defined '^"9'^. The greater the knowledge a^^^^^^^^ thus the greater the 

word -denaturtng- used herein to include ell so* ™f?; °"' „„, aa„tura«on may Involve 
, the nucleic acid ln«.*»s heatlrj Jparatlco 
tamperaures wg 'ro" et™! M^^^ „ „ ,^ „acA. which 

L's;;r,rs^=s|x^r4r^^^^ 

rnSr^SlXtw-PP-TrSe'p^^^^^^^^ s"-"-'-- "» 

o the nvo oligonucleotide primers Is added to the buffer conta.ning ^^f.^^^^^J^^lP'^'^.f^^^^^^^^^^ 's 
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canhot be determined with certainty. As a practical matter, however, the amount of pnmer added will generally 
bSolar eSs over the amount of complementary strand (template) when the sequence to be amphfied s 
CoSd 'rrmixture of complicated long-chain nucleic acid strands. A large molar excess ,s preferred to 

Trdfo^bSLsl^^^^^^^^^^ dATP. dCTP. dGTP and TTP are also added to the synthesis 5. 

mixfure eithTr separately or together with the primers, in adequate amounts and the resu tmg solution is 
Sd io rout lKc for from about 1 to 10 minutes, preferably from 1 to 4 minutes. Wter h.s heating 
iSod theSlon is aSowed to cool to room temperature, which is preferable for the primer hybridization. To 
me Sre fs Sded an appropriate agent for effecting the primer extension reaction (called herein - 

4genttr pSmeri^tion-). and the reaction Is allowed to occur under conditions known .n the art. The agent , 10 
forpolymenz^tion may also be added together with the other reagents if it is heat stab e. This synthesis 
reactiS occur at from room temperature up to a temperature above which the agent for Po'V-^^riza ion 
no SngeMunctions. Thus, for example, if DNA polymerase is used as the agent, the temperature Is generally 
no oreater than about 40°C. Most conveniently the reaction occurs at room temperature. 

The agent lor polymerization may be any compound or system which will function to accomplish the 15 
svnthesif of primer extension products, including enzymes. Suitable enzymes for <his Purpose include for 
exaS E con DNA polymerase 1. Klenow fragment of E, coll DNA polymerase I. T4 DNA polymerase other 
aSlelf^polymerases, polymerase muteins, reverse transcriptase, and other enzymes including 
hlt^^ oJhipTnzvmea (ie those enzymes which perform primer extension after being subjected to 
femSSS^es sSnt^^^^^^^^^^^^ denaturation) . which will facilitate combination of nucleotide in 20 

hrorLoer manner to form the primer extension products which are complementary to each nucleic acid 
stranreenS he syrhesis will be initiated at the 3' end of each primer and proceed n the 5' direction 
Srq thfteS'e strand until synthesis terminates, producing molecules of different lengths. There may be 
agentrfor polym^^^^^^^^^^ however, which Initiate synthesis at the 5' end and proceed ,n the other direction. 

molecule under the hybridizing conditions described above if the target sequence is present and this hybnd is 
used i?the succeed^^g steps of the process. In the next step, the sample treated under hybridizing conditions 
is subSLc'edTdenaUng conditions using any of the procedures described above to provide single-stranded 

'^t^fZ^r^:^^'^^^-^^^^^ -ecu.es. Additional agent for polymerization 
nucleotides and primers may be added if necessary for the reaction to proceed under the conditions 
nre?cSd above Ag^n. the synthesis will be initiated at one end of each of the oligonucleotide primers and 
wirproceed along fh'e single strands of the template to produce additional nucleic acid^ After this step^ half of 
Z extension product wfll consist of the specific nucleic acid sequence bounded by the two P™- ^ 

The steps of denaturing and extension product synthesis can be repeated as often as needed to amphfy the 
target Sc acfd sequence to the extent necessary for detection. As will be described in further deta'l below, 
the amount of the specific nucleic acid sequence produced will accumulate in an exponential asl^on^ 

WhTn it is desired to produce more than one specific nucleic acid sequence from the irst nucleic acid or 
mi^Sre o nucleracids, the appropriate number of different oligonucleotide primers are «d. For exarnple^ 40 
H C drtferent specific nucleic acid sequences are to be produced, four pnmers are utilized. Two of the 
IrS^erf arrspecmc or one of the specific nucleic acid sequences and the other two primers are specrfic f or 
'he second speciflc nucleic acid sequence. In this manner, each of the two different specific sequences can be 

'Te'^ptsTireSnl^^^^^^^ tashion where after each step new reagents are 4S 

added orsi taneousVwhere all reagents are added at the initial step, or partially step-wise and part^lly 
sflLir lere fS reagent is added after a given number of steps. If a method of denaturation. such as 
S s er^S which will inactivate the agent for polymerization, as in the case of a heat-labile enzyme, then 
5 ifnLessaTto^ the agent after every strand separation step. The simultaneous method may be 

utifeed renVeSmatic means is used for the strand separation step. In the sirnultaneous procedure, the 5C 
reSon Sure m^ contain, in addition to the nucleic acid strand(s) containing the desired sequence, the 
strand-seSi enzyme (e.g.. helicase). an appropriate energy source for the strand-separating enzyme 
S as rATP the four nucleoside triphosphates, the oligonucleotide primers in molar excess, and the agent 
■ tor Dolvmerization. e.g.. Klenow fragment of E. coll DNA polymerase I. . u »u ♦ ki«. c 

7heaTrused for denaturation in a simulteSiSlis process, a heat-stable agent such as thermostable 5, 
cc^vmerase may be employed which will operate at an elevated temperature pre erably 50-105 C depending 
on re Iqent at which temperature the nucleic acid will consist of single and double strands in equilibnum. For 
smSler lengths of nucleic acid, lower temperatures of about 40-50'C may be be employed. The upper 
temperature will depend on the temperature at which the enzyme will degrade or the temperature above which 
an insufficient level of primer hybridization will occur. Such a heat-stable enzyme is described, e.g.. by A. S 6 
Kaledin et al Biokhimiya. 45, 644-S51 (1980). For this constant temperature reaction to succeed, the pnrne s 
ha^e hei^ 3' ends within 6- 8 base pairs of each other. Each step of the process will occur sequentially 
Swi hs ending theSll presence of all the reagents. Additional materials may be added as necessary. Af er 
thetpproS^^ length of time has passed to produce the desired amount of the ^P-^f = "-Jl^/^f^ ^ 
sequence the reaction may be halted by inactivating the enzymes in any known manner or separating the i 
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15 



20 



25 



30 



35 



95^C lowered to about SS^'C orto as low as 37°C and raised again to about 95 C. and tne cycie 

*",n* no?nf eroi;^^^^ of an automated process, the process of .he P--" .^3^3°^^^^^^^^^^^^^ 

^BC^S^lndMs c:^^ in series, thus the nucleic acids produced can be repeatedly denatured wthout 
ThetSifS prTct may be detected by analyzing it by Southern blots without using radioactive probes, in 

ARV llv l!^VA or a variant thereof) and is selected as described above for primers and amplified 

^S^S^ImS con5c™.d t«9,' n contaW by Ih. prim.ts) and spars al ore restnot,o» .,t. ol 
lri,n'r™S™<.J.>».n,ar^^^ 

?S2ZS^ to t. delecLd isn™ AIDS vima and DM II »a aa<,™npa .0 ba d.tact.d .alrom lb. 

„TamSdKt!tb. p,M la . MotlnyWad prob. In «cb th. Motln Is an.obed to a spacar am, ol ,h. 

formula: 



40 H 

-Y-(CH2)2-0-C(CH2)j50]y-CH2CH2-N- 



45 



Where Y Is 0. NH or N-CHO. x is a number from 1 to 4. and y is a number from 2 to 4. The spacer arm is in turn 

attached to a psoralen moiety of the formula: 



50 



55 




60 



65 



^s^^s^aiTbLi .ba p«;~* ^ * iiT-^rx rs^*^^^ 

are described more fully in commonly assigned U.S. Patent Nos. 4,582.769 ana ^.bi/.^oi. in« y 
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prd5es eliminate the need for radioactive isotopes. 

Alternatively, the probe may be spotted on the membrane first under prehybrldization conditions if 
necessary and then the amplified product is added to the pre-treated membrane under hybridization 
conditions, "in a reverse" dot blot format. ^ ^ 

The dot blot procedure is more time-consuming than the oligomer restriction method described above, 
because the membrane must first be prehybridized and then hybridized with the probe. However, with rapidiy 
mutating viruses, it has the advantage that sequences containing limited base mismatches are still detected 
under wppropriate hybridizing conditions, whereas with the oligomer restriction method, any vims harboring a 
mutation which results in the abolishment of the restriction site will not be detected due to the variability of the 

virus. ' • ...... ix u • 

The Invention herein also contemplates a kit format which comprises a packaged multicontamer unit having 
containers of each primer and the probe utilized. The kit may also have a container with the agent for 
polymerization to synthesize the primer extension products, such as enzymes, a container with each of the 
four nucleoside triphosphates, and a container with means to detect the label (such as an avidin-enzyme 
complex if the label is biotin). In addition, the kit may have a container which include a positive control is 
containing one or more nucleic acids with a sequence of the viral genome of interest (e.g.. AIDS) and/or a 
container including a negative control without such nucleic acids. Moreover, the kit may have a container for 
each restriction enzyme capable of cleaving a nucleic acid containing the target sequence at a site contained 

in a sequence in the probe. . , * ^ ^ * u r - 

The following examples illustrate various embodiments of the invention and are not intended to be limiting in 2C 
any respect. In the examples all parts and percentages are by weight if solid and by volume if liquid and ail 
temperatures are in degrees Centigrade, unless otherwise indicated, 

EXAMPLE 1 ^ . . ^ . r> 

" The desired sequences to be amplified were contained in eleven coded DNA samples obtained from Dr. s 
Bernard Poiesz of the Regional Oncology Center, SUNY Upstate Medical Center, Syracuse. New York 13210. 
identified as 194BK, 342, 367. 361 . 368H. 207. 307, 3088. 323. 326 and 340. The sequences to be amplified, the 
primers and the probes were identified by the dot matrix program as described above, wherein the sequence 
window selected was at least 20 base pairs long, so that the sequences were chosen within conserved regions 
of the AIDS viruses. 

The coded samples were first cultured in the presence of interieukin-2 by Dr. Poeisz to test for the presence 
of virus. Then, the DNA was extracted from the samples by the following procedure: 

1 . 1-2 X 108 cultured cells were lysed in tubes with 20 ml of sodium dodecyl sulfate lysis buffer (1 o/o SDS, 
150 mM NaCI. 25 mM Na2 EDTA). 
2 400 III of a 5 mg/ui solution of proteinase K was added per tube and incubated at 37 C overnight. 

3. The DNA was sequentially extracted with phenol and CHCbiisoamyl alcohol tollowed by precipitation 

withethanol. -rf- t. ix i^n -r • t m 

4. The DNA was spooled out on a glass rod and resuspended in 1 x TE buffer (10 mM Tns, 1 mM 

NazEDTA. pH 7.5) and dialyzed exhaustively against 1 xTE buffer. 

I. Synthesis of Primers . 
The following two oligodeoxyribonucleotide primers, designated SK01 and SK02, respectively, were 

prepared by the method described below: 
5'-CAGGGAGCTAGAACGAT-3' (SK01) 

5'-CTTCTGATCCTGTCTGA-3' {SK02) • 

(SK01 and SK02 were selected to provide for amplification of 107 bases between nucleotides 900 and 1006 of 

HTLVlll-isoIate BH10.) .^.^ ■ ^ ^- * 

A Automated Synthesis Procedures: The diethylphosphoramidites, synthesized according to 
Beaucage and Caruthers ( Tetrahedron Letters (1981) 22:1859-1862) were sequentially condensed to a 
nucleoside derivatized controlled pore glass support using a Biosearch SAM-1. The procedure included 
detrltylation with trichloroacetic acid in dichloromethane, condensation using benzotnazole as activating 
proton donor, and capping with acetic anhydride and dimethylaminopyridine in tetrahydrofuran and 
pyridine. Cycle time was approximately 30 minutes. Yields at each step were essentially quantitative and 
were determined by collection and spectroscopic examination of the dimethoxytrityl alcohol released 
during detrltylation. 

B. Oligodeoxyribonucleotide Deprotection and Purification Procedures: The solid support was 
removed from the column and exposed to 1 ml concentrated ammonium hydroxide at room temperature 
for four hours in a closed tube. The support was then removed by filtration and the solution containing the 
partially protected oligodeoxynucleotide was brought to 55* C for five hours. Ammonia was removed and 
the residue was applied to a preparative polyacrylamlde gel. Electrophoresis was carried out at 30 
volts/cm for 90 minutes after which the band containing the product was identified by UV shadowing of a 
fluorescent plate. The band was excised and eluted with 1 ml distilled water overnight at 4" C, This solution 
was applied to an Altech RP18 column and eluted with a 7-130/0 gradient of acetonitrile in 10/o ammonium 
acetate buffer at pH 6.0. The elutton was monitored by UV absorbance at 280 nm and the appropriate 
fraction collected, quantitated by UV absorbance in a fixed volume and evaporated to dryness at room 
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temperature in a vacuum contrifuge. ■ ,,h„«. tb<* aiiouots of the purified oligonucleotides were 
C Characterization of OiigodeoxynbonucIeotjdes.Test P„ were examined by 

32P labeled with polynucleotide k-n^^e and Y'^ P;^^^^^^^ 

"iJn =. 100* .'.lonlBM. l<«..mmont«m .c.M. M P»«. 

10 \l Amplification Reaction • nw a <;amDles from Dr. Poiesz was added to 100 iil of 

one microgram of DNAtrome^^^^^^^^ i,, ch^ride and 

S^inlnSlS;"^— o^^^^^^^ 'l0b?como.es o, Primer SK02. and 150 nanomcies each of dATP. 



dCTP. dGTP and TTP. / ' a„owed to cool to room temperature for two 

The resulting solution was heated to 100 P;^"^"™™-^,^^^ of E. ooli DNA polymerase added. The 

minutes, whereupon 2 '^--'^^l^ZS.f.uZVS^^ 

reaction was allied to p^^^^^^^^^^ ..sealing, and extension with Klenow, two 

SnlTp'erS ard^linrAmarase were repeated nineteen times. 

^ 111 Synthesis and Phosphorylation of Oligodeoxyribonucleotide Probe 
A labeled DNA probe. SK03. of the sequence: 
5-*AATCCTGGCCTGTrAGAAACATCAGAAG-3 , nmrpdures described in Section i. The probe 

where indicates the label, was synthesized accord.ng ""^^^^^^^^^ and 50 pmole y-^^P-ATP 

25 was labeled by contacting 10 pmole thereof with 4 units ofJ'LP^™^^ , „ 7.6), 10 mM MgCIa, 1.5 mM 
Sout 7200 Ci/mmole) i" a 40 1^1 reaction volume co«^^ ,00 ul with 

spermine, and 2.5 mM dithiothreitol for 90 mmutes at 37 C J- °™ ^A precipitation. The labeled 
25 mM EDTA and an aliquot removed 'fe^™/^"^ ^^^f^ Srophoresis on a I80/0 polyacrylamide 
probe was concentrated using a vacuum apparatus P"""^^^^^ ^ 5 rrM EDTA. pH 8.3) lor 500 vhr. After 
30 5e1 inTris-boric acid-EDTA (TBE) buffer (89 '",^7"^- f^"LSna tSkbel^ probe was excised, crushed and 
localization by autoradiography. *^ P°^°" product indicated that the 

?;^Sin°cttr^^^^^^ - ^° 

05 IV. Hybridization/Digestion of Amplified Ge« ^^^J^XSion'eS^^^^ "9 °< 9^"°"^'= > 

Ten microliters of amplified DNA "^^'"'"9 * of^^ a final volume of 30 jil. The sample was 

dispensed into a 1.5 ml Microf uge tube and 20jil °< I| ^^"^^ J^^^^ o.02 pmole of SK03 probe was 

denatured at 95-C for 10 minutes. Ten ^=^^^1^ °J to a 56'C heat block 

added to the tube, mixed g«"«y- ^^^/^y^^.^'^.^^^^^^^^ were added and the reannealed DNA 

- al ^cTT^Je^SL^nr l^^^^ .y adding 4 , 75 mM EDTA and S , tracing 

was loaded onto a 300/o polyactvlamlde '"'"'-9®' " .7^ '^^^^^ 



two intensification screens at -/u i^. 

V, Discussion of Results «oaence was only present in sample 368H. which was later 

, The autoradiograph showed tha .the /^DS DNA sequence w«^^^ ^^^^^ ^ ^^^^ 

found to be the only HTLVIIl P0S"i;f^,pN4J^"^?Itv 3^ = HTLVI, (d) 361 = HTLVI. (e) 207 = patient 
leukemia patient (no virus isolated . (b) ^ff " ^^^^^^ 

Sb i'S!;X3S = STw^^^^^^^ andT340 = prtien. with aggressive leuKemia (different 

' niSte, the primers employed were able to 

sequence. The other samples remained "^sative even w^tM^^^^^ .^^.^^^^^ ^^LVIU 

■ m the presence of IO0/0 DMSO (minimizes secondary structure tormaiioni 

sample as the only positive sample. 

EXAMP LE 2 ■ , ., . Hoerrihed in Example 1 except that the primers 

- |n this exa mple, the same procedure was followed as descnbed txamp 
employed, designated SK24 and SK18. were as follows: 
5'.ATCCCAGTAGGAGAA-3' (SK24) 
55 5'-TTATGTCCAGAATGC-3' {SK18) 
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ArT alternative to SK24 was the primer SK25 as follows: 
5'-ATAATCCACCTATCCAGAA-3' (SK25) 
The probe employed, SK19. was of the sequence: 
5'-*ATCCTGGGATTAAATAAAATAGTAAGAATGTATAGCCCTAC-3', 

where * indicates the label. The probe was labeled as described in Section II). SK24 and SK1 8 were selected to 
provide for the amplification of a hydrophllic region of gag from nucleotides 1552 to 1642 of HTLVlll. SK25 and 
SK18 were selected to provide for amplifying a hydrophilic region ot gag from nucleotides 1641 to 1642 of 
HTLVlll. SK19, when annealed to the amplified DMA. reconstitutes a BstNl site. Digestion with this enzyme 
releases a 4;mer. 

The autoradiograph for hybridization and restriction at SS'^C showed as positive only the HTLVlll sample * 
'found in Example 1. A background band appearing in all samples disappeared when the temperature of 
hybridization and restriction was raised to 60*0 from 63=* C. The increased temperature is presumed to have 
minimized non-specific hybridization of the probe. 

EXAMPLE 3 . ^ . . . 

A 180 bp DNA fragment encodes a hydrophilic region of gag (nucleotides 1470-1649 of HTLVIIl-isolate 
BH10). having 186 base pairs including BamHI ends, was constructed by first ligating lOoveriapping oligomers 
using T4 DNA ligase. The oligomers are shown in Figure 2. The resulting fragment was then cloned into the 
BamHI site of M13mp10w which is commercially available. None of the clones sequenced had the exact 
disTred sequence. However, using two clones shown in Figure 3 (where X denotes a mutation in the gene), a 20 
clone with the correct sequence was constructed by substituting the Spel / BstXI fragment of clone 
M13mp10W:C7 with the Spel/BstXl fragment of clone M13mp10W:D6. DNA from M13mp10W;C7 was digested 
with Spel and BstXI. treated with alkaline phosphatase and the larger vector containing fragment purified from 
an agarose gel. The Spel/BstXl DNA fragment from clone M13mp10W:D6 was purified from a polyacrylamide 
gel after double digestions with the same enzymes. The purified fragments from M13mp10W:C7 and 25 
M13mp10W:D6 were ligated and transformed into E.coli strain DG98 available from the American Type Culture 
Collection. The resulting clone, designated M-13-GAG. contains the correct sequence and was deposed with 
the ATCC on January 8. 1986 with ATOC No. 40.21 S. 

This M-13-GAG may be used to construct a gapped circle probe as described above to evaluate an amplified 
sample In a non-isotopic dot blot formaL 

The amplified product may be prepared from two primers, SK23 and SK28. which encompass the entire 180 
mer in M-13-GAG and have the following sequence: 
5'-ATGAGAGAACCAAGG-3' (SK23) 
5'-CCTTGTCTTATGTCCAG-a' (SK28) 

These primers, which were selected to amplify between nucleotides 1468 and 1649, were already tested with 35 
probe SK19 and found to detect the HTLVlll sample successfully. 



EXAMPLE 4 ^. 

Seventy-one coded samples, the DNA of which was extracted by Dr. Poiesz using the method described jn 
Example 2 were initially analyzed by their DNA using the primer pair of SK01 and SK02 of Example 1 or SK17 40 
and SK18. where SK18 is defined in Example 2 and SK17 has the sequence: 
5'-CCAGTAGGAGAAAT-3' 

which is selected to amplify the hydrophilic region of gag from nucleotides 1555 to 1642 of HTLVlll. The 
amplification using the primer pair SK17 and SK18 was carried out in the presence of IQO/o DMSO by weight at 
37= C, but otherwise according to the procedure of Example 1. After amplification the procedure of Example 1 45 
was used to detect the DNA. using the probe SK03 (of Example 1) or SK19 (of Example 2). Some of the 
ambiguous samples were further analyzed using the primer pair SK24 and SK18 of Example 2 and using the 
probe SK19 at room temperature. 

The results show that all samples which were identified as positive by the test herein were DNAs isolated 
from AIDS or ARC patients, including a HTLVlil isolate, a LAV isolate and an AIDS-associated virus (AAV) SO 
identified by Dr. Poiesz. In addition, an antibody positive, reverse transcriptase negative, healthy homosexual 
who has had multiple contacts with AIDS victims was also identified as positive by both sets of primer pairs. 
The SK17-SK18 and SK24-SK18 primer pairs appeared to detect more positives than the SK01-SK02 primer 
pair. 

None of the negative control samples (normal T cells, uninfected cell Jines or HTLVII) showed positively in 55 
the assays herein. The test herein identified ten infected samples as positive which were negative by reverse 
transcriptase. On the other hand, five samples which were reverse transcriptase positive (3 out of the 5 were 
X ) were negative by the test herein. All 71 samples proved to be ELISA positive, showing that ELISA is not a 
very discriminative or specific test for the AIDS virus. 

The above examples show that AIDS viral DNA sequences can be identified in cell lines infected with blood, 60 
semen mononuclear cells, and semen supernatants from patients with AIDS or ARC. 

EXAMPLE 5 

This example illustrates that the technique herein can be applied directly to the Identification of AIDS viral 
DNA sequences in peripheral mononuclear cells of fresh blood without having to cultivate the virus first. ^ 
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Coaea Jood samples fro. A.OS patients were treated as ^S'oZ^TS, 
using low-spaed contnfugation g^^-'i™'^^^^ ^Jt^e Socytes wle coHected from tt.e 

coats were passed through a Ficoll-Hypaque «»ensiiy ^..-.^ure described in Example 1. 

column. The DNA was extracted frorn '^^rand SKIsTefcSb^dfn 2 and 4. respectively. 

The DNA was amplified usmg the P^ *"^^^ P^^f JJ^'^fhfploced^^^^^^ described in Example 1 with 1 unit. 2 
in the presence of KWo DMSO by weight at 37 C using JJe proceaur procedure of Example 

units and 4 units of Klenow fragment. After ^^^^^^^ ambiguous samples were further 

1. were either SK03 of ^^^:};'f'^^^°^^ 

'rulfJ:SZ'ZSZsT. sh": tlla, trdNL .scate'^d from so.e of the AIDS or ARC patients 
were identified as positive. (described in Example 3). and probe SK19 

follows: 

5'-ACCTGCCACCTGTAQTAG-3' (SK32) 

5'-GCCATATTCCTGGAGTACAG-3' (SK33) 

of the AIDS or ARC patients were identified as positive. 

EXAMPLE 6 ^' rnntained in a woodchuck hepatitis viral molecular clone from 

The desired sequences to be amplified were containea in a woouuiiu ^ . subtype with 

279:346-348 (1979). . „,„h<.c vuppp identified bv the dot matrix program as 

^he sequences to be amplrfled. the pnmers, and the P obes were den ied by^ ^ ^^^^ 

described above, wherein the sequence ^-^^^^ J^'^^^^^^^^^v^uS^^^^ 

' s^gTwr .=rp=:rp^^^^^^^^^ - 

'• TeT« t:"o.igodeo^ Pnmers. designated MD03 and MD06. respectively, were 

fi prepared by the method described in Example 1. Section 1: 
S'-CTCAAGCnCATCATCCATATA^' (MD03) 

chloride and 10 mM magnesium chloride and containing P*^*^ ^-^p ^ y^pp 

45 except at 37° C instead of room temperature. 

Ill Synthesis and Phosphorylation of Probe 
A abeled DNA probe. MD09. of the sequence: 

The probe was labeled as described in Example 1. Section ill. 

'%Tt^S::i'SS^T,sZn IV was followed for hybridization and digestion, except that Odel was 
55 used as the restriction enzyme to cleave the probe. 

V. Results , «„„„toH iicinn thP nrimers herein as compared to a control 

The autoradiogram shows that signals are generated using the pr^^^^ J EBV-transformed B cell line 

65 5'-GCGAAGCTTGTTAGGGTTTAAATGTATACCC-3' IMD13). 
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These primers were selected from the envelope gene of the hepadnaviruses. 

The following deposit was made on the date given: 

» 

strain DeoosH Date AT££Jo^ 

H13-GAG January 8, 1986 40,218 

The deposil was made under the provisions of the Budapest Treaty on the International Recognition of the 
DeposU of Microorganisms for the Purposes of Patent Procedure and the Regulations thereunder Budapest 
Treaty This assures maintenance of a viable culture for 30 years from date of deposit. The organism will be 
ma?e avSe by ATCC under the terms of the Budapest Treaty, and subject to an agreement between 
rDDlLTs and ATCC which assures permanent and unrestricted availability of the progeny of lie cultures to 
?he 3 c uSn issuance of the pertinent U.S. patent or upon laying open to the public of any U.S. or foreign 
patent Scatlon, whichever comes first; and assures availability of the progeny to °ne det^^";'n|d he 
S commissioner of Patents and Trademarks to be entitled the^^to according to 35 USC §1^ a^^^ 
commissioner's rules pursuant thereto (including 37 CFR §1.14 with particular reference to 886 OG 638). The 

fcTnnlp rihe oresent application agrees that if the culture on deposit should die or be lost or destroyed 
whrcultWaSd u^dersuHab e conditions, it will be promptly replaced on notification with a viable spedmen ot 
The sa^ culture Availability of the deposited strain is not to be construed as a license to practice the 
liventlon in contravention of the rights granted under the authority of any government ,n accordance with its 
patent laws. 
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Claims 



1 A process for detecting or monitoring for the presence or absence of a nucleic acid sequence which 
is suCstanSy conserved Imong the isolates of a virus and specific to the nucleic acids in said virus and 30 
S nu™ acid sequence is suspected of being contained in a sample, which process compnses: 

(ait eating the sample, together or separately, with an oligonucleotide primer for each strand of 
the i^ucleic acid sequence, four different nucleoside triphosphates, and an agent for polymer zation. 
under hybridizing conditions, such that for each strand of the nucleic acid sequence an extension 
Sroduct^of each primer is synthesized which is substantially complementary to each strand of the 35 
nucleic acid sequence being detected or monitored, such that the extension product synthes zed 
from one primer, when it is separated from Its complement, can serve as a template for synthesis of 
the extension product ofthe other primer; . 

(b) treating the sample under denaturing conditions to separate the primer extension products 
from their templates if the sequence to be detected is present; . • „ 

(c) "ng the product of step (b) with oligonucleotide primers such that a primer extension 
producTis synthesized using each of the single strands produced in step (b) as a template, resulting 
in amplification of the sequence to be detected if present; and 

(d) determining if the sequence to be detected is present in the sample. 

2 A process according to claim 1 wherein step (d) comprises the steps of: .^niifi^H 
(1) adding to the product of step (c) a labeled probe capable of hybridizing with the amplified 

"trdeTSSe'r the probe has hybridized to an amplified sequence in the nucleic acid 

3. ^process according to claim 1 or 2 wherein in step (a) the sample is treated without first culturing 50 

*TA'^ot's?'^ccording to any one of claims 1-3 wherein the virus constitutes AIDS viruses. 

''TZ^o:^l^'<^ZT^c^r. 4 Wherein steps (b, and (o, are repeated at leas, once and the primers 

are selected from the gag region of the AIDS genome or from the p.olymerase or envelope genes of the Si 

hepadnaviruses. -^i^nMA 

6 A process according to any one of claims 1-5 wherein said nucleic acid is DNA. 

7 A process according to any one of claims 1-5 wherein said nucleic actd is RNA. 

8' A process according to any one of claims 1-7 wherein said agent for polymerization is an enzyme 
selected from the group consisting of E. coli DNA polymerase 1. Klenow fragment of E. col. DNA 6i 
polymerase I. reverse transcriptase, or an enzyme that after being exposed to a temperature sufficient to 
denature nucleic acids retains its enzymatic activity to form said extension products at the temperature of 
reaction duringsteps (a) and (c). , , 

9 A process according to claim 2 wherein step (2) compnses the steps of: 

(1) digesting the hybridized mixture from step (d) with a restriction enzyme recognizing a site 6 
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' ^'^TSrwh^^^^^^^^^^^^ ciigest cpntains a restriction fragment correlated with the 

presence ^^t^^Jj^^^^^'^^^J'^g;^^^^^^^^^^^ constitutes the AIDS viruses and steps (1) and (2) 

10. A process according to cam 9 wherein tne virus sequence of the AIDS viral genome 

S^aCtr^— r^^^^^^^ =";nrci acid,s, Ih a sequence from among the 

^I^^A p°roSs according to claim 2 whi^iii^iiep (1) comprises the steps of: 
(11 spotting the product of step (c) on a membrane; and 
(2) adding the probe to the spotted membrane. 
12. A process according to claim 2 wherein step (1 ) compnses the steps of. 
(1) spotting the probe on a membrane; and 

amtgt^eis'olatesofavirusandspeoifictoth^^ 

(a) treating a sample containing ^^''^^^^^'t- ^^tLd^^^^^^ 
separate^, with an ol'S^^'^'^f ^'^P^^'^.^^^l"' J^^^^^ Ider iSbridizing conditions, such that 
nucleoside triphosphates, and ^.^^f^^J"^ P^'^^^^^^^^ of each primer is synthesized 

for each strand of the nucleic acid ^^^''"^"f " ^7 acid sequence being detected or 
which is substantially complementary to each strand °fttie nucl^^^^ ^Ir whe" ^^'^^^^^'^ 
monitored, such that the e,ctension f f ^;''=t^y""l"^^„ttS^^^ of the other primer: 

to produce single-stranded molecules; and . nrimpr^ such that a primer extension 

further comprises a positive control conta nmg one o "^^^^^^ Sdls) wtth a sequence from 

^^n^^rilDirse^^^^ -"^t '''' '^'""""^ 

rspected sequenT^^ site contained in a sequence in the probe. 
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